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Mechanism Study on the Effect of Alkali Metal Ions on the Formation of HCN as
species. However, the information about this influence is currently lacking within the 17 available literature. Within this research, the effect of Na + and K + on the formation 18 mechanism of NO x during pyrrole pyrolysis were investigated using density functional 19 theory (DFT). A hydrogen migration occurs from the meta-position of pyrrole-N is 20 transferred to the ortho-position, and then pyrrole-N disconnected from the ortho-position 21 C, which makes the ring opened. Lastly, in a concerted mechanism, a long carbon bond 22 breaking between the migrating hydrogen and the carbon, nitrogen atoms. scission, yielding three pathways (path1, path2, and path3 in Fig. 1 ). In path1, the species 64 of the study were computed using the Complete Active Space SCF (CASSCF) method Within this work, all calculations were carried out using Gaussian 09 program [24] .
103
The equilibrium geometries of the reactants, intermediates, transition states, and products
104
were optimised by the density functional theory (DFT) computational method, which 105 derives properties of a system based on the electron density. 
127
To investigate the applicability of using the aforementioned functional for our work, we 128 calculated the reaction energies of path1 in Fig. 1 the sum of energy is 350.21 kJ/mol, which is much higher (δ n =110.14 kJ/mol) than a-n-
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M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 4m(cluster). It is clearly that Na + has a strong interaction with HCN and a-n-4m
183 molecules, much larger than the ubiquitous short-range attractive interaction between 184 molecules [30] (∆=7.14 kJ/mol, Fig. 3 ), forming complexes. 
214
The presence of the K + ion increases the transition state (a-2t) energy barrier 42.6 kJ/mol 215 relative to the transition state a-4t.
216 Table 2 . The effect of K + , E a and reaction types for four steps The overall enthalpy change for this four-step mechanism is 236.17 kJ/mol. When a-4m,
219
HCN and K + are calculated separately, the sum of energy is 307.32 kJ/mol, 71.15 kJ/mol 220 greater than a-k-4m(cluster). It is clearly that K + has a strong interaction with HCH and a-221 k-4m molecules, forming complexes. However, the same step of reaction with Na + , 222 δ n =110.14 kJ/mol, which is 38.99 kJ/mol higher than the reaction with K + , which means 223 Na + is having a stronger interaction between molecules, HCN and a-4m, than K + . In intermediates, products, and transition states about the optimal energy pathway of pyrrole 238 to HCN in our research. In Fig. 7 , the energies of all structures are given in kJ/mol 239 relative to that of reactants: pyrrole, pyrrole and Na+, pyrrole and K + for the three 240 scenarios respectively.
241
Comparison of the influence of Na + and K + shows that both species have a similar 242 effect on pyrrole decomposition. However, there are some differences as shown in Fig. 7 .
243
The energy barriers for step I with Na + and K + are 239.32kJ/mol and 220.18kJ/mol ring. This is due to the interaction of metal ions (Na + , K + ) with the π surface, which M A N U S C R I P T A C C E P T E D 
